Computational Details
A 3x3x4 slab size was used for Ag(111) and Ag(211) and a 2x3x6 slab size was used for Ag(110). Intermediate adsorption energies were calculated for all high symmetry binding sites on each surface and the binding energy found to be most favorable was used in the final plots. The Ag metal slab and surfaces with and without adsorbed intermediates were created using the Atomic Simulation Environment (ASE). S1 All density functional theory (DFT) calculations were carried out with the projector augmented wave (PAW) method as implemented in the GPAW software. S2,S3 BEEF-vdW exchange correlation (xc) functional was used to perform all the energy calculations S4,S5 with plane-wave (PW) cutoff energy value of 450 eV. Lattice constant for the bulk FCC metal were calculated using the same xc functional and PW cutoff for a residual force on all atoms of less than 0.005 eV Å −1 . The resulting lattice constant for Ag, 4.1384 Å, was used for all other energy calculations.
For the geometry optimization of the bare and intermediate adsorbed Ag slab, the top two metal layers as well as the adsorbed atoms were allowed to relax until a residual force of less than 0.01 eV Å −1 is reached. The self-consistent field (SCF) convergence criterion was set to 5 x 10 −4 eV for adsorption energy calculations. A 12 Å vacuum layer was placed above the periodically repeating slabs. The Fermi-Dirac method was used to smear the Fermi level with an electronic temperature of 0.1 eV and a Pulay mixing of the resulting electronic density was applied. A (3x3x1) k-point sampling was used and a grid spacing between 0.16 Å and 0.2 Å was used for all calculations. Barrier energy calculations were performed using climbing image nudged elastic band (CI-NEB) method S6 for which the SCF criterion of 1 x 10 −5 eV and a maximum residual force of 0.05 eV Å −1 was used. Bader charge analysis has been performed using the code developed by the Henkelman group.
S7
Vibrational analysis was performed at room temperature (298.15 K) using the harmonic approximation followed by a statistical mechanical treatment to calculate ensemble energies from single molecule energies. S8 The equation (1) provides the expression for obtaining free energy of a slab with adsorbed molecule X (denoted as * X). The energies obtained using S-1
DFT (E DF T ) are corrected in this way for zero point vibrational energy (E ZP V E ), enthalpy
C p dT ) and vibrational entropy (T S vib ). E xc signifies the systematic errors associated with the xc functional BEEF-vdW S9 and E solv indicates the solvation correction due to presence of water. The general expression (2) gives the free energies of adsorption (∆G ads ) of intermediate * X. E xc for BEEF-vdW was taken as 0.33 eV for the CO 2 and HCOOH molecules and 0.09 eV for the H 2 molecule. S10 Fugacities of the non-adsorbed species have been adapted from Chan et al.. S9 The free energy of deprotonation of HCOOH(aq) is calculated as -0.19 eV according to the equation (3) assuming a formate concentration of 0.01 M, pK a of 3.79 and a pH of 6.8. for all intermediates as well as transition state species obtained using CI-NEB calculations.
All proton and electron transfers were assumed to be coupled (CPET) and the computational hydrogen electrode (CHE) model was used to obtain free energy change for an elementary step involving CPET. S14 The CHE model takes advantage of the equivalence of free energy of an electron and proton pair and hydrogen gas at standard conditions (equation (5)). 0 V is defined vs RHE at which the reaction (4) is at equilibrium (at all pH, all temperatures and H 2 (g) pressure of 101325 Pa). The ∆G as a function of electrode potential
S-3
U for a CPET step is then given by an expression such as (6).
Analogous to the CHE model for calculation of adsorption free energies, the CI-NEB calculations have been performed assuming equilibrium between the bulk protons and surface adsorbed H (reaction (7)). This approach proposed recently by Akhade et al. S15 has the advantage of using the bulk electrolyte as a reference state against which the reaction barriers are estimated instead of an arbitrary chemical potential of protons in a simulation cell. Also, the initial state of * H is a stable local minima on the potential energy surface leading to a well defined reaction path. The activation barrier calculated is thus at the potential U o at which reaction (7) is at equilibrium, which in our case is -0.435 V vs. RHE as can be inferred from Figure S2 . For the reaction steps considered in this study, the change in work function of catalyst surface between the reactant, transition and final state can be considered negligible.
Since the initial states of all reaction steps consist of a surface bound * H (H δ− ), reactions requiring a H δ+ have been modeled using two additional water molecules close to the surface. 
U=0 V vs RHE
Reaction coordinate Table S1 ). Figure S1 shows a comparison between the adsorption energy of intermediates for CO and HCOO -formation pathways for (111), (211) and (110) Ag surfaces. Limiting potentials (U L ) in all free energy plots are given vs. RHE and are defined as the minimum potential at which all reaction steps of a pathway are exergonic. As found experimentally, S16 (110) is the most active surface for formation of CO due to higher binding strength of * COOH leading to a lower U L . The opposite is true for formation of HCOO -for which the (111) surface has the least U L due to lower binding strength of * OCHO. This implies that as the surface becomes more open and uncoordinated such as for (110), the relative U L for formation of CO and HCOO -are closer to each other whereas formation of HCOO -has a drastically lower U L relative to CO for close-packed surfaces such as (111). The surface structure of the catalyst is therefore expected to play an important role in determining selectivity between S-6 the CO 2 ER products on Ag. Ag (110) is used as the model surface for this report due to its high activity for the selective production of CO. Reaction coordinate ∆G(eV) Table S1 ).
In addition to * COOH as a precursor to CO, we also consider the free energy of formation of * CO+ * OH by the breaking of the C−O bond as an alternative. However, we find that the limiting potential (U L ) for this step (green pathway in Figure S2 ) is significantly higher than for the pathway via * COOH (red pathway in Figure S2 ) and will not consider this pathway for barrier calculations.
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Figures S3 to S6 show the reaction paths and activation barriers as calculated using CI-NEB. The energy values in these plots represent E DF T and are not corrected for vibrational entropy, enthalpy, zero point energy and solvation. The data points in blue represent the system images along the potential energy surface in the direction of the transition state. The
Bader charge analysis tables at the bottom of each plot give the excess negative or positive charge on the atoms. Figure S7 shows the influence of the various corrections to the activation barriers calculated using CI-NEB calculations. The values of U o (the potential for which equation (7) is at equilibrium) is different for every plot in Figure S7 due the the different potentials needed to bind * H exergonically depending on the level of corrections applied to E DF T . Solvation correction has a significant influence on the activation barrier for formation of * OCHO whereas the free energy corrections have a significant influence on the relative activation barriers of the Tafel and Heyrovsky H 2 production steps. Without the free energy corrections, the Heyrovsky step seems considerably more favourable than the Tafel step however, the two barriers become very similar on performing the corrections. The effect of the corrections on the barrier for * COOH formation is limited and the barrier remains high at ∼1 eV. 
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Figure S7: a) Activation barriers without any corrections (only E DF T ). b) Activation barriers corrected for only solvation (E DF T -E solv ). c) Activation barriers corrected for vibrational entropy, enthalpy, zero point energy as well a systematic DFT functional errors but not solvation or in other words the free energy of activation in vacuum ( Figure 2 in the main text.
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The Figure S8 shows the proposed general reaction network for CO 2 electro-reduction for formation of C1 species. C2 and higher species have been ignored in this network since the focus of this study is Ag electrodes, which show high selectivity for C1 products and hydrogen, and thus no appreciable amount of C2 products are expected to form. S17,S18 This scheme has been generated from the reaction networks reported in literature S18,S19 in addition to a general chemical intuition. Figures S9 and S10 show the free energy plots for the formation of CH 3 OH and CH 4 in accordance with the reaction scheme of Figure S8 . Table S1 ). Table S1 ). Figure S11 : Change in the binding energy of * COOH for different coverages of * OCHO (green data points) and * H (red data points). 0 eV on the y-axis corresponds to only * COOH present on the Ag(110) surface. The free energy values have been corrected for solvation (see Table S1 ). Figure S12 : Change in the binding energy of * H for different coverages of * OCHO (green data points) and * COOH (red data points). 0 eV on the y-axis corresponds to only * H present on the Ag(110) surface. The free energy values have been corrected for solvation (see Table S1 ).
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(a) (b) Figure S13: Change in the binding energy of * H in the presence of * OCHO (a) and * COOH (b) for Ag(110), Ag(211) and Ag(111) surfaces. The binding free energy value for 0 coverage of * OCHO/ * COOH corresponds to the binding energy of *H on the respective surfaces. The free energy values have been corrected for solvation (see Table S1 ).
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A coverage of 1 for * OCHO in Figure S13a corresponds to a bi-dentate configuration on on-top sites across the short-bridge for a 2x3x6 (110) surface, a bi-dentate configuration on step sites for a 3x3x4 (211) surface and a bi-dentate configuration on on-top sites for a 3x3x4 (111) surface. Correspondingly, A coverage of 1 for * COOH in Figure S13b corresponds to a bi-dentate (C and O bound) configuration on on-top sites across the long-bridge for a 2x3x6 (110) surface, a bi-dentate (C and O bound) configuration on step sites for a 3x3x4 (211) surface and a mono-dentate (C bound) configuration on on-top sites for a 3x3x4 (111) surface. * H is present on the short-bridge site for (110), the bridge of the step for (211) and in an fcc hollow site for (111). These configurations are found to be the most stable for the * OCHO, * COOH and * H on the respective surfaces. The most stable adsorbate configurations on Ag(111) are used for Figure S14 . Geometrical optimization is performed on all configurations as described previously.
It can be seen from Figure S13a that the effect of the presence of * OCHO on the binding energy of * H is highly pronounced on a (110) surface and the influence diminishes as the surface becomes less active in the order (110)>(211)>(111) (see Figure S1 ). However, the trend in the change in ∆G * H due to the presence of * COOH does not seem to correlate with the binding strength of adsorbates with the facet and is similar for (110), (211) and (111) surfaces ( Figure S13b ). 
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Figure S14: Free energy diagram for formation of CO(g), HCOO -(aq) and H 2 (g) on Ag(111) surface at 0 V vs. RHE. The adsorption energies shown in dark red, blue and green are in the presence of * OCHO (θ=2/9), whereas the energies in light red, blue and green are without * OCHO. The upward arrows denote the change in free energy of the respective intermediates due to the presence of * OCHO on the surface. Formation of * OCHO has been shown to occur following the formation of * H as per the proposed mechanism and is not an electron transfer step. Limiting potentials (U L ) are given vs. RHE. The free energy values have been corrected for solvation (see Table S1 ).
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Experimental Methods Figure Figure S15 . Cyclic voltammograms and potential control were recorded using a BioLogic SP-200 potentiostat/galvanostat, whereas the surface-enhanced Raman measurements were collected using a RAMANRXN2 multichannel-532 from Kaiser Optical Systems, with a 532 nm Invictus™VIS laser (100 mW), with a spectral resolution of 5 cm −1 . A total of 20 interferograms were collected in an interval of 120 s per each measurement.
S-22 Figure S16 shows the blank cyclic voltammograms obtained from the silver electrode in 0.05 M Li 2 B 4 O 7 solution purged with argon (pH=9.5). A total of five scans were recorded in a cathodic working window of 2 V, at a scan rate of 100 mV/s. A redox couple with a reduction peak ca. -0.66 V vs. Ag/AgCl is shown in the insert of Figure S16 . This feature corresponds to the formation of LiOH on the electrode surface due to the high pH of the solution. Still, no significant shift in pH, current or shape is observed after the five scans,
suggesting that the formation of LiOH does not affect the active sites for hydrogen evolution nor the interfacial pH in an irreversible way. carbonic acid regime). The scan rate used was 20 mV/s, in a 2 V working window with a pH correction of 180 mV/Dec pH when compared to the original electrolyte (pH=9.5). The voltammograms shift towards cathodic potentials after each consecutive cycle, evidencing the pH change on the electrode interface due to the water decomposition into hydrogen and hydroxyl groups. This translates into a more alkaline interface; 6.1< pH <9.5, since
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the LiOH redox couple is not observed as in Figure S16 . The insert in Figure S17 shows a reduction peak with an onset potential at -0.828 V vs. Ag/AgCl (ca. -1.2 V vs RHE), attributed to CO 2 reduction in the first scan. The second and third scans are featureless.
Although the current is not normalized per surface area, the geometrical area of the electrode is the same for the voltammograms presented in Figures S16 and S17 , suggesting that the current in presence of dissolved CO 2 is larger when compared to that obtained under argon atmosphere, provided the correction for applied potential. The pH increase translates into an increase of the free energy, decreasing with this the thermodynamic driving force of the reaction. Figure S18 shows the cyclic voltammetries from Figures S16 and S17 with the measured potentials corrected for pH.
S-24 Figure S18 : Cyclic voltammograms recorded in Li 2 B 4 O 7 0.05 M under Ar and CO 2 atmospheres respectively (same data as in Figures S16 and S17 ) with potentials corrected for pH and reported vs RHE.
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Surface-enhanced Raman Spectroscopy measurements
This section provides spectroscopic data collected from the electrochemical CO 2 reduction performed on a silver electrode immersed in a 0.05 M Li 2 B 4 O 7 solution, saturated with CO 2 .
The electrolyte choice plays an important role in the stabilization of intermediates, given the fact that alkali metals modify the surrounding water networks by affecting the entropy of solvation at the electrode interface. We choose an electrolyte containing lithium ions (high electronic affinity) to facilitate the proton transfer to the surface and the formation of dipoles necessary to stabilize the short-lived intermediates during the measurements, since CO 2 ER proceeds in a low proton availability regime (pH>3).
Prior the electrocatalysis, transmission Raman spectra from the solutions were collected to identify the formation of the carbonated species in the electrolyte, compared with the solutions saturated with argon. Figure The spectra corresponding to the borate buffer saturated with CO 2 is shown in the top panel of Figure S19 . The pH decreased to 6.1 after one hour of constant CO 2 bubbling, confirming the acidification of the solution (formation of carbonic acid as solvated CO 2 ). Raman shift frequencies corresponding to the presence of dissolved CO 2 are identified as 1382 cm −1 from ν CO 2 , 1276 cm −1 from δ C-OH, and 1019 cm −1 as ν C-OH from HCO -3 . S20 Figure S20 shows the comparison of the spectra collected for 0.05 M Li 2 B 4 O 7 and 0.05 M borate buffer solutions saturated with CO 2 . The spectra reveal the same bands for both solutions at the final measured pH=6.1, suggesting that the equilibrium between carbonate/bicarbonate in lithium tetraborate and boric acid behaves in a similar way.
S-26 We present the full spectra collected for in-situ SERS for CO 2 ER on polycrystalline Ag in Figure S21 . The most prominent bands are shown in the region 3600 -3000 cm −1 , corresponding to the water, followed by C−H interactions between 3000 -2650 cm −1 . Due to its complexity, the region between 1750 -200 cm −1 is presented in three different sections:
the 1750 -1300 cm −1 region corresponds to Figure 3 in the main text, and the 1100 -400 cm −1 and the 300 -200 cm −1 regions are shown with our band assignments in Figures S22 and   S23 , respectively. For the figures used for band assignment, the electrolyte was subtracted using a SERS spectrum taken at open circuit potential.
From Figure S21 the most prominent bands correspond to water stretching and water bending, observed at 3000 -3750 cm −1 and 1630 cm −1 respectively. In this raw full spectra it is shown how strong the baseline distortion is from the water deformation, although it S-28 may have a more complex origin related to an artifact that we cannot discard. Nonetheless, when we approach more cathodic potentials (-1.12 V), we observe the formation of other species (See Figure S22 , region 600 -700 cm −1 ) and the shifting of bands that concertedly happen with an ease or relaxation of these baseline deformations. We believe that these phenomena are related to H-bond breaking and making, which becomes quite slow in presence of electrolytes with pH higher than 3, when the hydrogen evolution depends on protons from water and the stabilization capacity of the catalyst, aided by cation solvation processes.
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We probed polycrystalline Ag catalyst surface during CO 2 ER using in-situ electrochem- 
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In the case of the formation of a monodentate configuration, a band should appear at 1567 cm −1 (denoted with a red dotted line in Figure 3 in the main text). However, the baseline deformation is strong and the observation is inconclusive. The species I 1 in Figure   S4 shows the configuration of a monodentate O-bound species formed along the reaction path in the CI-NEB calculation leading to the more stable bidentate intermediate * OCHO.
In our geometrical optimization calculations, we find that the species I 1 , or * HCOO, can be metastable in the sense that the potential energy surface is flat in the vicinity of this configuration. We suspect that at high overpotentials, the monodentate species * HCOO can be stabilized to a greater extent due to a stronger Ag−H interaction and solvation by tightly bound interfacial water molecules. It is worth noting that the solvation energy of * HCOO is significantly higher than for the * OCHO species in the absence of electric field (Table S1 ).
According to the theoretical calculations, there is a prerequisite Volmer step in order for the O-bound * OCHO intermediate to form. The baseline distortions observed experimentally in S-30 the water deformation region may be linked to the occurrence of this Volmer step in addition to the effect of polarized species on the dipole moment of the interfacial water molecules.
Zooming in into the 1100 -400 cm −1 region of the full spectra shown in Figure S21 , ( Figure S22 ), we identify several vibrational modes from species related to the CO 2 ER, confirming that the catalysis is taking place. The prominent features are related to O−C and O−C−O species, and the band assignment was made based on previous reports for Raman spectroscopy analysis performed for liquid samples and SERS analysis on silver substrates.
S20,S22,S24
Figure S22: Zoomed-in SERS measurements recorded as function of applied potential in 0.05 M Li 2 B 4 O 7 saturated with CO 2 at bulk pH 6.1. Raman shift region: 1100 -400 cm −1 . Figure S23 shows the 300 -200 cm −1 region of the SERS spectra shown in Figure S21 .
There are strong bands present at 243.5 and 251 cm −1 (Figure S23 ), that can be attributed From the spectra in Figure S24 , we observe no CO formation until -2.02 V vs. RHE, presented as a function of time with a fixed applied potential.
S-33
SERS experiments for CO 2 ER on polycrystalline silver were performed in lithium borate buffer solutions, pH 6.9, and are shown in Figure S25 . The region corresponds to 1750 -300 cm −1 and shows the bands from the electrolyte solution as well as the water bending. At -2.03 V vs. RHE, we observe the formation of a double band: 1442 and 1421 cm −1 attributed to a O−(CH)−O vibration bonded to the Ag through both oxygen atoms, as can also bee seen in Figure 3 in the main text. We also observe the concerted formation of a band at 1298 cm −1 corresponding to a C−H deformation, S24 and a band at 1162 cm −1 associated with the bidentate species. These experiments suggest that pH plays a role in CO 2 ER at lower overpotentials due to its dependence on the hydride formation on the Ag electrode.
The C−H band as seen in Figure 3 in the main text for the 0.05 M Li 2 B 4 O 7 buffer (pH 6.1)
is also formed in presence of the borate buffer solution as shown in Figure S25 , along with the formation of the bidentate species at high overpotentials, indicating a correlation in the formation of these species. Figure S25 : Zoomed-in SERS measurements recorded as function of time in 0.05 M borate buffer saturated with CO 2 at bulk pH 6.9. Raman shift region: 1750 -300 cm −1 .
S-34 Figure S25 also shows a unique band at 1382 cm −1 from -0.19 V vs.RHE which is attributed to νCO 2 by Rudolph et al.. S26 This band is also observed in the transmission spectra of our CO 2 -saturated electrolyte solution (see Figures S19 and S20) , and corresponds to one of the two νCOO -bands assigned by Kai et al. S22 for bidentate carboxylate. The appearance of bands at 1442 and 1421 cm −1 at -2.06 V in Figure S25 present a slight baseline deformation while the hydrogen evolution is occurring suggesting that, firstly, the band we assign as bidentate is independent from the 1382 cm −1 band, hence the coexistence; and secondly, there is a sensitivity to hydrogen population on the electrode surface in order for the 1442 and 1421 cm −1 species to form. Note that there is also a frequency shift of these bands when compared to the bidentate species assigned in Figure 3 in the main text, showing how slight changes in the measurement conditions (bulk pH in this case) may lead to frequency shifts.
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